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(54) Method for power control in wireless networks for communicating multiple information 
classes 



(57) Transmission power of a wireless terminal for 
transmitting a signal representing information of a par- 
ticular information class to a base station capable of re- 
ceiving signals for a plurality of information classes is 
determined based on a probability measure indicating 
received signal outage durations that would likely occur 
over a time interval. Moreover, the transmission power 
is determined to achieve probable signal outage dura- 
tions according to the measure that are tolerable for the 
particular information class to be transmitted. The prob- 
ability measure is further based on an enhanced char- 



acterization of a variation and mean of the detected sig- 
nal interference magnitude over a time interval. Respec- 
tive differences in the tolerable signal outage intervals 
for different information classes, such as voice, audio or 
video or data, and the corresponding enhanced interfer- 
ence characterization enable transmission of signals 
representing the information classes at desirably re- 
spective low power levels while still providing an accept- 
able quality of service relative to conventional power 
control techniques. Such low transmission powers tend 
to contribute less interference to the communication 
system and enable greater communication capacity. 
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Description 

This is a continuation-in-part patent application of commonly assigned co-pending U.S. Patent Application Serial 
No. 08/429.260, filed April 25, 1 995, entitled "A Method and Apparatus for Power Control In Wireless Networks," which 
5 is incorporated by reference herein. 

Field of the Invention 

Wireless communication methods and systems. 

10 

Background of the Invention 

In wireless communication networks such as conventional cellular systems, several base stations disposed 
throughout a particular geographic area are coupled to a master controller called a mobile telephone switching office 

is (MTSO). The MTSO controls the base stations and provides an interface connection to the public switched telephone 
network (PSTN). The base stations have co-located transmitters and receivers and provide wireless links to wireless 
terminals, such as cellular telephones, located within respective geographical regions referred to as cells. 

In conventional wireless systems employing frequency-modulated communication channels, each conventional 
base station uses pre-assigned channel sets to communicate with mobile units in a service area covered by the base 

20 station. Each channel set typically includes a pair of carrier frequencies with each carrier frequency being used for 
respective up-link or down-link communications with a wireless terminal. Neighboring base stations use different chan- 
nel sets to avoid interference on the same channel or adjacent channels. Interference between communications from 
different wireless terminals operating on the same uplink channels is kept to acceptable levels by permitting each cell 
in the network to use only a subset of the channels available to the cellular network with geographically adjacent cells 

25 having no channels in common. Channels are reused by base stations that are far enough apart so that any interference 
is below acceptable levels. 

Establishing and maintaining greater numbers of calls over a wireless network is a continuing goal for wireless 
communication service providers. Accordingly, a need exists for increasing the calls that a base station can maintain 
simultaneously. Nevertheless, conventional channel reuse techniques drastically limit the number of channels useable 
30 for each cell if acceptable levels of interference are maintained. Digital wireless communication techniques including 
time division multiple access (TDMA) and code division multiple access (CDMA) such as, for example, those defined 
by Telecommunication Industry Association Interim Standards 136 and 95, respectively, are currently being implement- 
ed to increase base station capacity. In TDMA and CDMA communication techniques, the quality of service in providing 
the communication link is based on the ratio of the power level of a desired communication signal received at a base 
35 station to the power level of all other received signals at that base station. Such ratio is referred to as signal-to-noise 
(S/N) or carrier-to-interference (C/l) ratios. 

If a signal transmitted by a wireless terminal is received by a base station at a power level that is too low relative 
to received interference, then a degraded communication quality results. In contrast, if a transmitted signal is at too 
high a power setting relative to that necessary for the base station to receive such signal, then such high power trans- 
40 mission contributes greater interference to other signals received by that base station as well as neighboring base 
stations. This increased interference can degrade communication quality for other communication signals as well as 
limit call capacity of the base stations. Thus, a goal has been to control wireless terminal transmission power to produce 
a signal received at a base station with a C/l ratio satisfying a desired quality of service while providing desirably low 
interference to the intended destination base station and its neighboring base stations. Such reduced interference 
45 enables a greater number of channels to be used by the base stations increasing call capacity. 

Conventional power control techniques typically adjust wireless terminal transmission powers based on a deter- 
mination of the mean or average of the interference level at a base station. Examples of such power control techniques 
are provided in J. Zander, "Distributed Cochannel Interference Control in Cellular Radio Systems," IEEE Trans. Vehic. 
Tech v 41(3), pp. 305-311 (Aug. 1992); G.J. Foschini et al., "A Simple Distributed Autonomous Power Control Algo- 
50 rithm'and Its Convergence," IEEE Trans. Vehic. Tech., v. 42(4), pp. 641-646 (Nov. 1993) and A.J. Vlterbi, CDMA- 
Principles of Spread Spectrum Communication, ch. 4.7, pp. 113-119 (Addison-Wesley Pub. Co. 1995), S.V. Hanly, "An 
Algorithm for Combined Cell-Site Selection and Power Control to Maximize Cellular Spread Spectrum Capacity", IEEE 
J. Selected Areas in Comm.y. 1 3, no. 7, pp. 1 332-1 340 (Sept. 1 995); and R.D. Yates, "A Framework for Uplink Power 
Control in Cellular Radio Systems", IEEE J Selected Areas in Comm., v A 3, no. 7, pp. 1341-1347 (Sept. 1995). However, 
ss the use of the simple mean of the received interference in determining the wireless terminal transmission power often 
produces a power level that is higher than necessary causing higher than necessary levels of interference to the base 
stations. As a result, connection capacity in such systems are still overly limited. 

Particular wireless systems are also capable of simultaneously communicating various different classes of infor- 



2 



EP0 863 619 A1 



mation such as signals representing voice, audio, video and data between base stations and wireless terminals. These 
systems are advantageously useable with particular wired-networks, such as the Internet or broadband ISDN (B-ISDN). 
Conventional B-ISDN networks employ asynchronous transfer mode packet switching for the reliable, high-speed trans- 
mission of the various information classes among communication devices. LC. Yun and D.G. Messerschmitt, "Variable 

s Quality of Service in CDMA Systems by Statistical Power Control", IEEE Int'l Conf. on Comm. ICC '95 Seattle, pp. 
713-719 (June 1995), which is incorporated by reference herein, describes a CDMA wireless system that uses wireless 
terminal power control based on the particular information class to be transmitted to increase call capacity. This CDMA 
system controls wireless terminal transmission power based on a desired S/N received by the base station that meets 
a quality of service commitment made to a customer for communication of that particular information class. 

10 However, this CDMA system undesirably limits wireless link capacity because it determines transmission power 

levels for meeting desired S/N ratios based on the mean of detected interference. Thus, as in the previously described 
TDMA and CDMA systems, power levels tend to be set higher than necessary causing greater interference to other 
base stations in the network and limiting their communication link capacity. 

Accordingly, a power control technique for exchanging signals representing a plurality of information classes that 

is does not unnecessarily limit communication link capacity in a wireless network is very desirable. 

Summary of the Invention 

The invention concerns methods for setting transmission power of a wireless terminal for transmitting a signal 

20 representing information of a particular information class to a base station capable of receiving signals for a plurality 
of information classes. In particular, the transmission power is set such that the corresponding received signal strength 
would have a probability of signal outage durations over a time interval that are tolerable for the particular information 
class represented in the signal. Signal outage refers to an approximate portion of a time interval in which a received 
data signal does not meet a desired quality of service such as, for example, a desired C/l ratio. 

25 The invention is based, in part, on the realization that different information classes have different characteristics, 

such as encoded redundancies, that enable reception of a data signal of such information classes with typically different 
sensitivities to outage interval durations. For instance, the transmission of data, such as text or numbers tends to be 
more sensitive to outage than the transmission of voice, audio or video signals. As a consequence, it is possible to 
transmit voice, audio or video signals at desirably respective lower power levels often producing longer outage intervals 

30 while still maintaining an acceptable quality of service. Such lower transmission powers produce less interference to 
the intended destination base station as well as neighboring base stations enabling greater communication capacity. 

The transmission power determination according to the invention relies on a probability measure based on a mean 
or average value of detected signal interference as well as a variation of such interference from the mean over a time 
interval. In one embodiment, a variation in the form of standard deviation and the mean value of signal interference 

35 are detected over a first interval and used for determining the probability measure of signal outage and corresponding 
transmission power setting for a second time interval. The power control methods of the invention advantageously 
tend to produce a lower power level setting than is possible with conventional transmission power control techniques. 

Additional features and advantages of the present invention will become more readily apparent from the following 
detailed description and accompanying drawings. 

40 

Brief Description of the Drawings 

FIG. 1 illustrates a schematic block diagram of an exemplary wireless network having at least one base station in 
accordance with the invention; 
45 FIG. 2 illustrates a flow diagram of an exemplary method performed by the base station of FIG. 1 ; 

FIG. 3 illustrates a graphical representation of magnitude of exemplary signal interference detected by a base 
station of the wireless network of FIG. 1 ; 

FIG. 4 illustrates a graphical representation of the interference magnitude scaled in accordance with the invention 
for determining wireless terminal transmission power; 
so FIG. 5 illustrates a flow diagram of an exemplary method performed by a wireless terminal for communicating with 

a base station performing the method of FIG. 2; 

FIG. 6 illustrates a flow diagram of an exemplary method according to the invention for the base station of FIG. 1 
that is an alternative to the method of FIG. 2; and 

FIG. 7 illustrates a flow diagram of an exemplary method performed by a wireless terminal for communicating with 
ss a base station performing the method of FIG. 4. 
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Detailed Description 

The invention is directed to determining desirable transmission power settings for a wireless terminal to establish 
and/or maintain an uplink communication signal representing information of a particular information class with a base 

s station capable of receiving signals representing a plurality of information classes. The invention is based on the real- 
ization that different information classes have different characteristics, such as encoded redundancies, that enable 
corresponding data signals of such information classes to be received with typically different tolerances to signal outage. 
Signal outage refers to an approximate portion of a time interval in which a received data signal does not meet a desired 
quality of service such as, for example, a desired C/l ratio. 

10 For example, transmission of data, such as text or numerical information, typically tends to be more sensitive to 

signal outage than the transmission of voice, audio or video signals. As a consequence, it is possible to transmit voice, 
audio or video signals at desirably respective lower power levels often producing greater outage intervals than the 
corresponding data signals which are tolerable to maintain an acceptable level of quality of service. Such lower trans- 
mission powers produce less interference to communications with the intended destination and neighboring base sta- 

is tions in a wireless network enabling greater communication capacity. 

in accordance with the invention, an outage probability measure is advantageously used for determining a desired 
signal strength to be received by a base station for a signal of a particular information class that would likely produce 
signal outage intervals that are tolerable for that particular information class. An enhanced characterization of the signal 
interference magnitude detected by a base station of a mean value as well as a variation measure from such mean 

so value, such as variance or standard deviation, is advantageously used according to the invention to determine the 
outage probability measure. 

Upon determining the desired signal strength to be received by the base station according to the invention, it is 
then possible to set the corresponding wireless terminal transmission power by numerous different techniques. How- 
ever, the particular method steps employed for setting such wireless terminal transmission power is not critical to 

25 practicing the invention. Several different wireless terminal transmission power setting methods are described below 
with regard to the drawings for illustration only and are not meant to be a limitation of the invention. 

An exemplary wireless communication network 1 capable of receiving signals representing a plurality of information 
classes is shown in FIG. 1 . The system 1 includes three base stations 5, 10 and 1 5 (5-1 5) individually linked to a wired- 
networksuchas, for example, a broadband ISDN network employing asynchronous transfer mode (ATM) packet switch- 

30 ing or the Internet. It is alternatively possible for the base stations 5-15 to be collectively connected to such wired- 
networks through an intermediate bridging component such as a switching center. 

The base stations 5-15 provide wireless communication with wireless terminals 20 located within respective geo- 
graphic service areas 25, 30 and 35 (25-35) proximate the base stations 5-15. For example, the particular wireless 
terminal 20 having the alternative reference 21 is located in the service area 25 and communicates with the base 

35 station 5. The size of the exemplary service areas 25-35 are different due to the respective transmission powers of the 
base stations 5-15 and the environment in which the base stations 5-15 are operating. Overlap regions (not shown) 
exist between the service areas 25-35 to enable hand-offs between adjacent base stations to provide substantially 
uninterrupted communications of a mobile wireless terminal as it travels across service area boundaries. Suitable 
overlap regions include those used in conventional wireless systems and have not been shown for ease of illustration. 

40 it is possible for the base stations 5-1 5 to have similar or identical components to conventional base stations such 

as those manufactured by Lucent Technologies Inc., Murray Hill, NJ. The components and operation of such base 
stations is provided in, for example, W.C.Y. Lee, Mobile Cellular Telecommunications Systems, ch. 3, pp. 67-96 (Mc- 
Graw-Hill Pub. Co. 1989), incorporated by reference herein, as well as U.S. Patent Appln. No. 08/429,260. 

The network 1 enables wireless communication of different classes of information with the wireless terminals 20, 

45 including for example, communication of voice, audio, video and data such as text or numerical information. Moreover, 
an operator of the wireless network 1 typically has different quality of service commitments to wireless service sub- 
scribers for such corresponding different information classes. Exemplary quality of services commitments include a 
minimum C/l and the tolerable signal outage over an interval of time with which the minimum C/l is not satisfied. 
Exemplary values of the minimum C/l and corresponding probability requirement for data, voice and video information 

50 classes are provided with regard to FIG. 2. Typically, the maximum signal outage requirement for an information class 
of data such as text or numerical information is more stringent, e.g., lower, than the maximum signal outage requirement 
for information classes of voice and video due to the greater redundancies often included in conventional encoded 
representations of voice or video information. 

It is possible for a wireless terminal 20 to be, for example, mobile units, such as cellular or PCS telephones or 

55 portable wireless modems for laptop computers or personal digital assistants (PDA's), or stationary units, such as 
wireless modems associated with desktop computers or multimedia components. Further, it possible for the network 
1 to be a large-area outdoor network covering cities or portions of cities, or an indoor network or small outdoor network 
with a relatively small coverage area, such as an office building, mall or campus. The method of wireless communication 



4 



EP 0 863 619 A1 

employed by the network 1 is, for example, spread spectrum digital communications techniques including code division 
multiple access (CDMA), such as that adhering to the Telecommunication Industry Association Interim Standard 95. 
However, it is alternatively possible to use a time division multiple access (TDMA) scheme such as that adhering to 
the Telecommunication Industry Association Interim Standard 1 36, as well as other digital multiple access techniques. 

s FIG. 2 shows an exemplary method 100, in accordance with the invention, tor more accurately determining ad- 

vantageously low signal transmission power settings for a signal representing a particular information class for receipt 
by a base station with a tolerable signal outage probability for that information class. The method 100 is described with 
respect to an exemplary communication of a particular information class between the base station 5 and a particular 
wireless terminal 20, such as terminal 21, in its coverage area 25 of FIG. 1. In accordance with the method 100, the 

10 signal interference magnitude is detected at a first time interval (n) by the base station 5 in step 110. The signal inter- 
ference magnitude corresponds to the total power received by the base station 5 over a bandwidth detectable by the 
base station 5 and is typically due to local receiver noise and signals received at the base station 6 from wireless 
terminals transmitting from inside and outside of the coverage area 25. It is possible for the intervals of time over which 
such signal interference is detected to be in the range of approximately, 1 msec, to 10 msec. 

is a representation of a magnitude 1 60 of exemplary signal interference detected by a base station, such as the base 

station 5, over a time interval (n) is depicted in FIG. 3. As illustrated in FIG. 3, detected signal interference is typically 
not constant and varies over the time interval with magnitude peaks 162 and valleys 165. Referring again to FIG. 2, 
after the signal interference magnitude is detected in step 110 of FIG. 2, a mean or average value! of such magnitude 
as well as a measure representing the variation of the magnitude from the mean 7, such as a variance value V or 

20 standard deviation JV , is determined in step 120. In the alternative, it is possible to represent the variation measure 
by other values, groups of values, or functions that represent the variation of the detected interference magnitude from 
the mean value 7 over the time interval (n). 

A desired signal strength P,to be received at the base station 5 at a second time interval (n+1) for signals to be 
transmitted by a wireless terminal representing a particular information class / is then determined in step 1 30. The 

2& desired received signal strength P t is determined based on a measure of signal outage that would likely be over the 
second time interval (n+1). Such outage signal probability measure relies on the enhanced characterization of the 
detected interference during the time interval (n) determined in step 120. 

An exemplary method for determining the desired received signal strength P f according to the invention that further 
provides advantageous computational and processing efficiencies is the following Equation (1): 

30 

/M/* + l) = |j|7(«) + v,#Cn) , 

(1) 

wherein ^ is the desired processing gain for transmission of the signal of information class / and v, is the outage 
probability^ quantile for information class /. This Equation (1) is based on the detected interference magnitude mean7 

40 and variance V in the form of a standard deviation 

For CDMA communication, the values <x,and HMor the desired processing gain £j correspond to a data rate factor 
for substantially error-less transmission of a signal representing the respective information class /, and the spread 
spectrum transmission bandwidth, respectively. Such adat£ rate factor a/is based on the data rate Rfor the information 
class / and the desired bit-energy-to-noise density ratio received at the base station for substantially error-less 

45 reception of a transmitted signal for that information class f. £ 

More specifically, the data ra|e factor a, can be determined from the relationship a,- = R . Typically, a desirable 
bit-energy-to-noise density ratio is approximately 6 dB for conventional base stations sifth that the data rate factor 
a, = (6 dB)R Moreover, typical values for W in a conventional CDMA are on the order of 1.2288 Mchips/sec. 

However, the ratio^* is typically specified as part of the quality of service commitment for the respective information 

so classes /. Exemplary vafues for the ratio for voice, data and video information classes are in the ranges of approx- 
imately 0.0167 to 0.04, 0.033 to 0.08, ancYo.0667 to 0.160, respectively. Such values are based on similar quality of 
service measures for B-ISDN ATM networks and are not meant to be limitations of the invention. It is possible to use 
alternative values for the ratio^* . [please fill In value]. 

In Equation (1), the outage^probability quantile v,- is based on a probability of signal outage over acceptable time 

55 intervals in the receipt of a data signal of the respective information class /. Since typical signal interference magnitude 
detected by a base station can be approximated as a Gaussian distribution, an advantageous method for determining 
the value v, for a particular class / is based on a corresponding Gaussian distribution: 



5 



EP 0 863 619 A1 



5 

wherein L,is the acceptable outage probability, or in other words, the approximate portion of the time interval ot receipt 
of a data signal representing the information class /that signal outage occurs which is tolerable. The outage probability 
Lj is described in, for example, A.J. Viterbi, CDMA- Principles of Spread Spectrum Communication, ch. 6.6, pp. 1 99-21 8 
(Addison-Wesley Pub. Co. 1 995), which is incorporated by reference herein. Exemplary values of the outage probability 

10 L f are on the order of 10 -3 , 10" 4 and 10' 3 for information classes of voice, data and video, respectively. Such outage 
probability values L,- produce outage probability quantiles v,of 3.1, 3.75 and 3.1, respectively. Such exemplary values 
are provided for illustration purpose only and other values are useable for the indicator L,and quantile V/based on the 
desired communication quality and link capacity of network 1 of FIG. 1 . 

Referring again to FIG. 2, upon determining the desired signal power P,to be received at the base station 5 for a 

15 signal representing a particular information class / in step 130, the method 200 causes the base station 5 of FIG. 1 to 
generate and transmit a supervisory signal to the wireless terminals in its coverage area 25 in step 1 40. This supervisory 
signal includes information regarding the signal power P, that is desired for the base station 5 to receive a signal 
representing the particular information class /. Also, information regarding the transmission power of the supervisory 
signal can optionally be represented in the supervisory signal for use by the wireless terminals 20 of FIG. 1 as is 

20 described with regard to FIG. 5. 

It is desirable to perform the method 100 of FIG. 2 at successive intervals of a communication between a base 
station and a wireless terminal to successively adjust the wireless terminal transmission power. Further, in the alter- 
native, it is possible for the method 100 to be performed at the initiation of and/or intermittently during transmission of 
signals by a wireless terminal to a base station according to the invention. 

25 Moreover, it is possible for the base station 5 to perform the method 1 00 of FIG. 2 at the initiation of communication 

and/or intermittently during the communication or otherwise. The particular component or group of components that 
performs the individual steps of the method 100 is not critical to practicing the invention. It is possible for switching 
centers, such as mobile telephone switching centers, or additional components coupled to the base stations or switching 
centers, alone or in combination with the base stations, to perform the steps of the method 1 00. Moreover, it is possible 

30 for the base station 5 to intermittently transmit a supervisory signal or supervisory signals including information for the 
desired received signal strengths P/Of the respective different information classes represented by different values / in 
a round robin or other ordered manner. 

In order to better illustrate the advantageous computational and processing efficiencies achievable by determining 
the desired received signal strength P/in accordance with the Equation (1), the relationship of the desired received 

35 signal power P,and signal interference magnitude is graphically depicted in FIG. 4. In FIG. 4, the magnitude of the 
signal interference 160, shown in FIG. 3, that was detected at time interval (n) is scaled by the processing gain ratio 
of Equation (1) to produce the waveform 170. A representation 175 of the scaled mean^7 of the waveform 170 is 
snown superimposed over such waveform 170. An exemplary desired received signal strength P/for the time interval 
) is represented also as a superimposed line 180. 

40 Particular regions 185 of the scaled interference waveform 170 have greater magnitudes than the desired signal 

strength 180. Such regions 185 provide a prediction of signal outage, if the depicted signal strength 180 was received 
in the subsequent time interval (n+1). More specifically, the portion of the time interval depicted in FIG. 4 represented 
by the cumulative regions 185 having a greater magnitude than the received signal strength P / 180 provides an ap- 
proximation or probability of signal outage /./for the time interval (m-1 ), if the received signal strength is at the depicted 

45 magnitude 185. 

Accordingly, it is possible to determine the desired received power level P/ 180 such that the scaled interference 
waveform has regions, such as the regions 1 85, with a magnitude greater than the signal strength P,- 1 80 that represent 
a portion of the time interval corresponding to the tolerable signal outage probability L/for the information class /. For 
example, if the tolerable signal outage probability L/for a particular information class / is 0.05, then the desired signal 
50 strength P,- 180 for receipt of a signal representing such information class should be set such that 5% or less of the 
time interval corresponds to regions of the scaled interference waveform regions having greater signal magnitudes. 

Moreover, in accordance with the invention, since the signal interference magnitude typically received by a base 
station can be approximated by a Gaussian distribution, it is possible to determine the desired received signal strength 
P/for a subsequent time interval advantageously from the scaled signal interference mean^* in combination with the 
55 interference standard deviation JV as scaled by the processing gain and the outage probability quantile v,as repre- 
sented in the previous Equation (1) with the quantile V/ determined in accordance with previous Equation (2). 

In this manner, it is possible for respective outage probability quantile values v/to advantageously be generated 
based on the tolerable outage probabilities for the respective different information classes i and stored in a memory in 



6 



EP0 863 619 A1 



an off-line process when wireless communication is not occurring. Likewise, the desired processing gain can also 
be determined and stored in memory prior, to establishing communications. Then, when establishing communication 
and/or intermittently during communication, new desired received power levels can be determined in accordance with 
the previous Equation (1 ) by multiplying such stored values by the respective stored processing gain and outage prob- 
5 ability quantile values ^ and v,- at the initiation of, and/or intermittently during, wireless communication. 

Although the inversion has been described with respect to using variance and standard deviation in conjunction 
with the outage probability quantile v h it should be readily understood that it is alternatively possible to determine the 
desired received signal strength Phased on other measures of the variation of the detected interference signal relative 
to the mean! and other measures representing the tolerable signal outage probability according to the invention. 
10 FIG. 5 shows a method 200 for setting transmission power P^ of a wireless terminal based on the supervisory 

signal transmitted by the base station 5 according to step 140 of FIG. 2. In the method 200, the supervisory signal is 
received by the wireless terminal in step 210 and the desired signal strength value P,is read. Then, in step 220, path 
loss g between that wireless terminal 21 and the base station 5 is determined. It is possible for the wireless terminal 
to determine the path loss g by dividing the desired signal strength value P,by the detected power of the supervisory 
is signal received by the wireless terminal. Several current digital communication standards include provisions for wireless 
terminals to detect received signal strengths including the mobile assisted hand-off (MAHO) and mobile assisted chan- 
nel allocation (MACA) features of IS-1 36. 

It is also possible for the supervisory signal to include information about the power level at which such supervisory 
signal is transmitted which can also be read by the wireless terminal 21. In the alternative, the transmit power level of 
20 the supervisory signal can be a known value to the wireless terminals, such as, for example, the transmit power level 
is fixed or determined according to a schedule known by both the wireless terminal 21 and the base station 5. Such 
exemplary methods for determining the path loss g are useable for those base stations and wireless terminals wherein 
the uplink path loss and the downlink path loss are substantially similar, such as where the transmitting and receiving 
antenna's of the base station and wireless terminal are respectively co-located. However, if the uplink and downlink 
25 path losses are not substantially similar, then alternative techniques are useable for determining the uplink path loss 
g in accordance with the invention. 

After the path loss g is determined in step 220, the transmit power level P^vr is determined and set in step 230 in 
FIG. 5. It is possible to determine the transmit power level Puffer transmitting a signal representing a particular infor- 
mation class / by taking the ratio of the desired received signal strength P,- at the base station obtained from the su- 
30 pervisory signal divided by the path loss g. 

It is possible for the wireless terminal to perform the method 200, at the establishment of the communication link 
and/or intermittently during communication. In a network in which mobile wireless terminals are employed it is advan- 
tageous for the base station to transmit the supervisory signal intermittently, whether on a periodic basis or otherwise, 
and for the wireless terminal to perform the method 200 in a correspondingly intermittent manner to set its transmission 
35 power level P^as the wireless terminal moves to different regions of the respective coverage area. 

FIG. 6 depicts an alternative exemplary method 300 to the method 100 of FIG. 2 that enables a component in the 
network 1 of FIG. 1 , such as the base station 5, to determine the desirable power levels for the wireless terminals 20. 
Wireless terminals communicating is such a system need not determine their transmission power and only set their 
transmission power as instructed by a base station. The method 300 is described with respect to determining the 
40 transmit power Pwr tor the wireless terminal 21 for communicating with the base station 5 of FIG. 1 . 

In accordance with the method 300, the base station 5 transmits a beacon signal at a known power in step 310. 
It is desirable for the beacon signal to be transmitted on a particular channel not used for uplink and downlink commu- 
nications so as not to interfere with such communications. The beacon signal is received by the wireless terminal 21 
for which communication is to be established or maintained. The wireless terminal 21 detects the received signal 
45 strength of the beacon signal and transmits a signal back to the base station 5 indicating the received signal strength 

(RSS). u - . 

In step 320, the base station 5 receives the RSS signal and determines the path loss g between the wireless 
terminal 21 and the base station 5. It is possible to determine the path loss g by dividing the known transmit power of 
the beacon signal by the detected RSS value in the signal received from the wireless terminal 21 . Then, in step 330, 

so the base station 5 detects the interference and determines corresponding mean and variance values. The desired 
signal strength P,to be received by the base station 5 for a signal representing a particular informatbn class / is then 
determined in step 340 based on these mean and variation, according to, for example, the previously provided Equation 
(1 ). The operations performed by steps 330 and 340 of FIG. 6 can be performed in a substantially identical manner to 
that previously described with respect to steps 110 through 130 of FIG. 2. 

55 The transmission power P^required by the wireless terminal 21 for transmitting a signal representing information 

of class / is determined in step 350 by the ratio of the desired received signal power P-, determined in then step 340, 
to the determined path loss g, determined in step 320. A supervisory signal containing information representing this 
determined transmission power P^ is then transmitted to the wireless terminal 21 in step 360. 
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The steps of the method 300 have been shown in a particular exemplary order for illustration purposes only and 
are not meant to be a limitation of the invention. However, particular illustrated steps of the method 300 can be performed 
in a different order or concurrently. For instance, the beacon signal transmission of step 310 can be continuous or 
intermittent during the performance of the other steps. Also, step 320 in which the RSS signal is received can be 

s performed concurrently with, or subsequent to, step 330 in which interference detection occurs. 

FIG. 7 shows an exemplary method 400 performed by a wireless terminal for setting transmission power Pyvr in 
accordance with the method 300 of FIG. 6. In method 400, the received signal strength of the beacon signal transmitted 
in accordance with step 310 of FIG. 4 is detected in step 410. The wireless terminal then generates and transmits the 
corresponding RSS signal containing information of the signal strength of the received beacon signal to the base station 

10 in step 420. Then, in step 430, the wireless terminal receives the signal indicating the desired transmission power P^ 
to be used for transmitting uplink information in the information class as previously described with respect to step 350 
of FIG. 6. Lastly, the wireless terminal sets its signal transmission power to desired transmission power P^. The 
method 400 for setting the transmission power can be performed by the wireless terminals 20 at times, for example, 
when the terminal is activated and registers with the base station, originates a call, and/or intermittently during a call 

1$ or otherwise. 

Although several embodiments of the invention have been described in detail above, many modifications can be 
made without departing from the teaching thereof. All of such modifications are intended to be encompassed within 
the following claims. For instance, it is possible to employ the desired received signal strength for a signal representing 
a particular information class / determined according to the invention with various other methods for determining the 
20 corresponding wireless terminal transmission power than that described with respect to FIGS. 2 to 5. Moreover, al- 
though the previously described methods applied to CDMA communications, it should be readily understood that the 
method of the invention is also useable for TDMA communication systems as well as other digital multiple access 
communication systems. 

25 

Claims 

1. A method for controlling wireless terminal transmission power within a wireless network, said network capable of 
communicating signals representing a plurality of information classes, said method comprising: 

30 

detecting a signal interference magnitude at a base station of said network over a first time interval; 
determining a variation measure relative to a mean value7 of the detected interference magnitude over said 
first time interval; 

determining a desired received signal strength P,for a signal representing information of a particular informa- 
35 tion class /for a second time interval based on a probability measure L,of signal outage over a portion of said 

second time interval that is tolerable for said particular information class /, said probability measure based on 
said determined variation measure of said detected interference; arid 

transmitting a supervisory signal to a wireless terminal, said supervisory signal including information based 
on said determined desired signal strength P,-for receiving said particular class /of information. 

40 

2. The method of claim 1 wherein said step of determining a variation measure determines a variance value V of 
said detected interference magnitude. 

TJie method of claim 1 wherein said step of determining a variation measure determines a standard deviation value 
JV of said detected interference magnitude. 

The method of claim 2 wherein said step of determining the desired received signal strength P,is further based 

on a desired processing gain^* of the particular information class /to be transmitted. 

w 

The method of claim 4 wherein said step of determining the desired received signal strength P,at said second 
time interval (n+1 ) is substantially based on the expression: 



P>{n + \) = |f [/(«) + viV^(n)], 

wherein v y is an outage probability quantile for said information class /and (n) represents said first time interval. 
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6. The method of claim 5 wherein said outage probability quantile v,for information class / substantially satisfies the 
expression: 



7. The method of claim 2 wherein said step of determining the desired received signal strength P f is further based 
on a desired signal outage probability L,for said particular information class /. 

8. The method of claim 1 further comprising: 

receiving a signal from a wireless terminal indicating a received signal strength of a beacon signal transmitted 
by said base station; and 

determining a transmit power level for said terminal P^ based on said determined desired received signal 
strength P f and said received signal strength of the beacon signal by said wireless terminal, wherein said 
information of said supervisory signal corresponds to said determined transmit power P^. . 

9. The method of claim 1 wherein said information of said supervisory signal includes said determined desired re- 
ceived signal strength P t 

10. The method of claim 1 wherein said steps of the method are performed at the initiation of communication with a 
wireless terminal. 

11. The method of claim 1 wherein said steps of the method are performed intermittently during communication with 
a wireless terminal. 

12. The method of claim 1 wherein said determined desired received signal strength P, is for communicating with a 
wireless terminal by a digital multiple access communication method. 

13. The method of claim 10 wherein said digital multiple access communication method is a spread spectrum multiple 
access communication method. 

14. The method of claim 10 wherein said digital multiple access communication method is a code division multiple 
access communication method. 

15. The method of claim 10 wherein said digital multiple access communication method is a time division multiple 
access communication method. 
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